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PRILOSOPHY OF MICROCOMPUTLE USE 1IN THE MATHEMATICS CURRICULUM

-

There are diverse beliefs that provide guidance and direction to choices
made in life. Be]iefs‘adhered to can be stated in terrs of pnilosophical cat-
eyories. 1t is significant for teachers, supervisors, and administrators to
study anc analyze diverse schools of thought in the philosophy of education.
Thus, educators in the school and class setting may experiment with diverse
practices'in education utilizing different phiiosophies of education. A
thbrough grounqing in each philosophy may well provide increased recommendable
alternatives in teaching and learping situetions. How microcomputers are‘to_
be utilized in ongoing units and 1essoﬂs in mathematics is based upon varied

strands of thought in the philosophical arena.
B.F. Skinner and Microcomputer Use

B.F. Skinner (1904~ ) is a strong advocaté of programmei learning.
To develop quality programs, Dr. Skinner would recommend that pupils achieve
end rogress in small steps. Computer Assisted Instruction (CAI) is then
in evidenc¢. Thus, a small amdunt of content 1s read on a monitor or screen.
A test item may then fellow in which the learner responds to a corhletion or
rultiple chbice item, based on previous content read. 1If a student is cor-
rect in responding to the item, "that's excellent" or its equivalent may ap=-
pear on the monitor as reinforcement. If an incorrect response was given,
the learner mey be given a second chance to respond with the words "Try again"
appearing on the screen. 1f the involved student has again punched in wrong
commands on the microcomputer terminal, the correct answer to the completion
or multiple choice iter is provided on'the monitor. In linear programming, the
successful student and the incorrect responder both are then ready for the mnext
sequential item to be learned. Each has received feedback as to correctness

of responses given.
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The sﬁme/similar seguencc follows, read a small bit of infofﬁqtion on éhe
monitor, respond to & test item directly related to §hat was read, and ey-
prerience reinformcement with ";hat's excellent", or similar rewards 3f the
student ;esbonded correctly, Or, with an erroneous answer tvped in as ¢«
command in the microconjuter, the student is ashed to "Try again'. 1f the
pupil still responds incorrectly on the second try, he/she may then see the
correct answver on the screen and also be ready for tﬁe next sequential rpre- -
grammed item. Should the student have responded correctly on the secona

attempt, he/she would also experience reinforcement with '"Good" or similar -

revards appearing on the monitor. Continuous preogrammed items may follow the

above named procedure, such as read, respond, and check.,

H=ving pupils progress in small sequential steps emphasizes programmed
learning. Additional beliéfs involving programmed learning inélude the fol-
lowing:

1. a high rate of success by students is in evidence in completing a
program. In quality software using a microcomp-:ter, learners should be suc-
cessful in at least ninety per cent of the items,

2. repetition assists students in sequentizl items in a program. Thus
to store items in Long Term Memory (LTM), built in drill is inherent in Com-
puter Assisted Instruction (CAI). Otherwise Short Term Memery (STM) is being
emphasized.

3. reinforcement strengthens the stimulus (S) and the response (R) in
SR theory of learning.

4, prcgrammers order content in software or book form. Any subject
matter can be broken down into component parts. Thus, in the arithmetic
curriculum involving addition, subtraction, multiplication, and division, a
subject matter specialist must order each step of student learninp. Tield
testing aids in adding a specific item or more in sequence when appraising a
program to notice its effectiveness in ordering continuous progress of learners.

5. each response given by an invelved student is measurable and ob-
servable. Internal reaction within a student are not important.

6. continuous feedback is given to each learncr using programmed materials
at a terminal. After, a learner reads an item (S for stimulus) appearing on
on the monitor, te/she types in a response (R). Feedback is then provided on
the screen in terms of the correctness or incorrectness of the response given
by the learner.



BEST COPY AVAILABLE

In terms of a psychologvy of learning, programmed instruction ermphasizes
a-lopical sequence. Thus, the programmer orders sequential iter: in propramned
materials. Student—teacher planning is not invelved in sequencingy lenrnings
for the former to acquire. Rather heavy puril invelvement in achieving sé—v
gquence in learning ermphasizes & psychological net o logical curriculur.

Skinner] wrote:

The "mechanizing of education” has been taken literally in the sense
of doing by machine what was formerly done by people. Some of the so-
called computer-based teaching machines are decigned simply to duplicate
the behavior of teachers. To automate education with mechanical teachers
is 1ike automating banking with mechanical tellers and bookkeepers. Vhat
is needed in both cases is an analysis of the functions to be served,
followed by the design of appropriate equipment. Nothing we now know
about the learning process calls for very elaborate instrumentation.

Educational specialists have added to the confusion by trying to as-
similate the principles upon which teaching machines are based to older
theories of learning and teaching.

In the broadest sense, teaching machines are simply devices which X
make it possible to apply our technical knowledge of human behavior to the
practical field of education. Teaching is the expediting of learning.
Students learn without teaching, but the teacher arranges conditions under
which they learn more rapidly and effectively. In recent years, the ex-
perimental analysis of behavior has revealed many new facts about relevant
conditions. The growing effectiveness of an experimental analysis i3 still
not widely recognized, even within the behavioral sciences themselves,
but the implications of soine of its achievements for education can no
longer be ignored. .

An important vondition is the relation between behavior 3nd its con-
sequences; learniny occurs when behavior is “reinforced”. The power of
reinforcement is not easily appreciated by those who have not had first-
hand experience in its use or have not at least seen some sort of ex-
perimental demonstration. Extensive chanyes in behavior can be brought
about by arranging so-called contingencies of reinforcement. Various
kinds of contingencies are concealed in the teacher's discussions with his
students, in the books he gives them to read, in the charts and other
materials he shows them, in the questions he asks them, and in the com-
ments he makes on their answers. An experimental analysis clarifies
these contingencies and suggests many imp rovements.

1B.F. Skinner, "Reflections on a Decade of Teaching Machines, "Teacher's
College Record, November, 1962, page 177. - .

~
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Reinforcement theory is a central concept in the thinking of Dr. Skinner.
A correct response by a student to a programmed item reinforces or strengthens
the possibilities of that learner in responding correctly in future timeé to
that same item. Thus, the stimulus (S) and the response (R) in thé stimu1Us'
and the reipdﬁse are connected or associated in terms of future studcnt responses.
The reinforcement is specific and not general. The specific connection then
occurs only to the programmed item appearing on the monitor. It is not general
since attitudes, purposes, and interests in one situation do not transfer to
arcther cituation.

In fact Dr. Skinner emphasizes only fhat jtems that are measurable or ob-
servable are important in ewucation. For éxamp1e, if the following number pairs
appear sequenfia11y on a screen: 5+6= , 6+45= , 745= , §47= | 6+6= , it is
| measurable if a student responded chreCt1y or incorrectly to each specific
addition fact. There is no leeway for interpretation what.the exact value of
each sum is to the above ordered ifems. In the case of attitudes, one cannbt
measure with precision if it is right or wrong. The same holds true for pur-
poses, aqd interests. Can any measufement specialist say that a student has as
one hundred percent, fifty percent, or any other percent of possessing good or
negative purposes? The answer would definitely be in the negative. "Attitudes,
purposes, and interests are internal and not measurable in terms of being
correct or incorrect.

A learner who responds correctly to 5+6= , 6+5= , 7+5= , 547= , and
6+6= in successive programmed items experiences operant conditioning. Thus,
in being correct to answers given, the response is reirforced. Operant con-
ditioning emphasizes reinfo-cing or strengthening the response. A learner

may then continually respond correctly to the same number pair, or pairs.
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Morris and Pai? wrote:

As we have seen, Skinner explains the learning of all voluntary

actions. in terms of operant conditioning. In other words. our voluntary
responses occur because they are reinforced. Even verbal behavior such as
giving a8 lecture on behaviorism and the technology of teaching 95 thouaht

- of as behavior reinforced through the®ediation of others who, as listeners,
rospond to the speaker in such a way as to strenagthen the lecturer's be-
havior. And because of his antitheoretical bias, Skinner is unwilling to
deal with the question, "ihy do reinforcers reinforce?" other than to say
that they do in fact increase the probability of a response. There is
little doubt that in any analysis of animal behavior or simple human re- .
sponses this reinforcement view is adequate. loreover, if all our educational
and instructional objectives dealt with relatively simple responses,
Skinner's operant conditioning might be sufficient. Bui our instructional
objectives have to do with complex skills, attitudes, and beliefs that can-
not be expressed completely in terms of directly observable responses.

Questions about the child's purpose and intention almost always arise.

in dealing with teaching-learning situations. OQur own purposes and inten-
tions as well as our interpretation of other people's aspirations and:
motives affect our conduct. For example, if you are hit by a baseball, _
your reaction to the incident depends upon how you understand the intentions
of the person who threw the ball. 1f you decide that the ball accidentally
hit you, you might walk away, but if you conclude that the ball was delib-
erately thrown at you, you might take a considerable different courseof
action. We are not, of course, suggesting that there is a world of inten-
tions that is distinct from the world of physical events. But we are sug-
gesting that Skinner's reinforcement language cannot adequately deal with
the kirds of phenomena usually called mental.

Skinner3 wrote:

The 1iterature of freedom has encouraged escape from attack upon all
controllers. It has done so by making any indication of control aversive.
Those who manipulate human behavior are said to be evil men, necessarily
bent on exploitation. Control is clearly the opposite of freedom, and if
freedom is good, control must be bad, What is overlooked is control which
does rot have aversive consequences at any time. Many social practices es-
sential to the welifare of the species involve the control of one person by
another, and no one can suppress them who has any concern for human achieve-
ments. We shall see later that in order to maintain the position that all
control is wrong, it has been necessary to disguise or conceal the nature
of useful practices, to prefer weak practices just because they can be
disquised or concealed, and-a most extracrdinary result indeed!-to per-
petuate punitive measures.

The problem is to free men, not from control, but from certein kinds
of control, and it can be solved only if our analysis takes all conse-
quences into account. How people feel about control, befcre or after the
literature of freedom has worked on their feelings, does not lead to use-
ful distinction.

2VanlC1eve Morris and Young Pai. Philosophy and the Amérkcan échoo1.

Boston: Hought-Mifflin Company, 1976, pages 334 and 335
B.F. Skinner, "Freedom Through Control, "Taking Sides: Clashing Views on

3
Controversial Educational lssues. Guilford, Conmecticut: The vasbin Fublicshing

Group, Inc. 1997, paqes 43 and 4¢.
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B.r..Skinner'ﬁnJieFmsvof philosophical beliefs would be cﬂassified.és 5
scientific reé]ist. A realist believes that he/she'cénhkﬁow the real world in
”:who1c'or in'part as it truly is. Thus, the individual, according 1o realism as ff“;f
h'ph11osophy of educatidn,wreceives a replica or duplicate of the real wor?d.’i;
The vieﬁer does not receive ideas only of the natural and social environment,
but is able to;?ee reality and realness. The realist goes beyohd‘being capable
-of experiencing what exists and i;. He/she is able to receive stimﬁ1i that
presenfs the environment in iis actuality.

Dr. Skinner advocates that observable-results and not what is internal is | -i%

“vital to notice in terms of student achievement and progress. The products or

measurable results are significant for teachers to notice pertaining to pupil

¥ Gy e

- achievement. What happens -internally along the way to guide students in

>chieving the behaviorally stated, measurable results is not important. In

other words, one cannot know what happens within the individual when learning B
takes place. Rather the ends or precﬁse objectives point the way in terms of :
what pupils should learn. Whether or not-students individually have attained |
the desired ends:is measurable., The 6bserver,-whether teacher or pupil, can f;
know if the latter has or has not been Successfu1 in goal attainment. The :
interests, purposes, meanings, and goals of pupils is not observable in &
precise way.“ﬂThese items exist within the student and therefore are unob-
servable. |

Since Dr. Sinner takes note only of what is observable and not internal,
a major method of science is being utilized in studying human behavior. |
Scientific methodology emphasizes that which is objective and can be observed.
Subjectivity needs to be eliminated. What is objective can also be recordéd

and measured. Thus, quantifiable results are in evidence. The subject matier

of diverse academic disciplines in science stresses that which can be quantified.'



Observers whoever they may be 1n_scientific endeavors empha&i:e precision and -

-evidence. Since there is evidence of somcthing existing, that sonething can -
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measurability. 1f something exists, a certain amount of that existenceis in -

definitely be measured. The observer then in realism, as a philosophy of ed-
ucation, can observe what really and truly is. That which is can be sjéted in
measurable terms.

A true realist be1jeves that the natural and social environwent cen be

known as it is. Whatever is would emphasize a definite amount or quantity. Any- 'g_

thing that can be known as it truly.is emphasizes the concept of quantification.
Opposite of realism might well be the following: M
1. truth is in the eye of the beholder. Rather, what exists is objective

to any observing being. . The observations would agree with pxec151on regardless'
of who the trained observers are.

Ao e

2. to be is to be,percewved by a person or being. Instead, what exists is . ¢
objective and independent of an human observer. ' S

3. the human being can only know what is experienced. The experience(s)
must be qualified with the terms of observability and quantification. Others
wise, persons individually may disagree among themselves in terms of what has
been experienced and thus subjectivity as a concept is definitely in evidence.

4. faith emphasizes that which is good. Faith is internal and lacks
evidence. Observation and objective quantification of results emphas1zes
that which is true regardless of involved observers.

5. ideas alone, and not the natura1/socia1 environment as it truly is,
in and of themselves, provide reliabie indicators of subject matter. Ideas
are internal and do not represent objectivity in the real world.

4 wrote:

Castell and Borchert

..B.F. Skinner published his Beyond Human Freedom and Dignity in
1971, He calls upon humankind to discard the notion of an "autonomous
inner man" or "soul" which is the source of all our aliegedly free acts.
If the science of human behavior, says Skinner is to make any significant
progress, it must adopt the deterministic model and probe the causes of
human behavior in the environment and genetic endowment of persons. In
abandoning the "autonomous inner man," Skinner removes the legitimacy for
praising and blaming people for their actions. After all, how can you
justifiably praise or blame someone for doing something.that hereditary
and environmental factors forced him or her to do? Responsibility is
transferred from "autonomous inner man" to heredity and environment, and
the human is seen as the maripulated pawn of forces beyond his or her
control...

quhurov Cas1ell and D-nald M. Borchert. In ]ntvnduc11rn trn Modern
Philusophy.  HNew Yorb: The Macillan ((»l‘;-rg.. VG038, page’ 77,
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Microcomputer Use with Drill and Practice

There are diyer;e schools of thought in terms of whai microcomputers can
do in the mathematics arenz. Thus one use of microcomputers is to emphacize
drill and practicé. A teaéher can stress drill, for example, in the'use of
traditional flash cards td aid students in'retaining learnings in answef to
basic addition, subtraction, multiplication, and diQision facts. Or, drill
can be emphasized within the confines'of activities in basal mathematics
texibooks. The manual attached to the textbook can provide the teacher with
suggestiors pertaining to teac%iﬁb the basic four operations. Drill can also
be'emphasized in using mimeographed worksheets. Content from the flash cards,

mathematics textbook, and worksheets should aid students to achieve worthwhile

objectives. Otler activities emphasizing dri1l could be with the use of games

made by the teacher or purchaSed commercially by the school system. There are

problems or questions involved when utilizing microcomputers in drill and
practice activities. These include the following:

1. ‘Should microcomputers provide an additional means of emphasizing drill
and practice, or should their use involve only those activities which do not

- duplicate selected methodo1ogy, e.g. use of flashcards, texthooks, wcrksheets,

and games.

2. Are there an adequate number of microcomputers so that all students
may experience worthwhile drill and practice activities?

3. Does available software truly provide sequential learnings for in-
volved students or has the software not been field tested adequately to pro-
vide necessary ordered tasks?

4. Does available software relate directly to the ongoing mathematics
unit presently being taught? Or are available software totally unrelated to
units being taught in the mathematics curriculum?

5. Does the software truly provide qué1ity sequential steps in learning
or is it entertaining largely or only?

6. Are the interests of students being met within the framework of soft-
ware being utilized?

7. Does the involved student perce1ve purpose in ongoing programmed
learning tasks involving drill and practice?

.. Do pupils ind 1v1du>11\ experience s<1u0n11a1 learninac v does the
cequence recide within the rinss of the avthore o proavamrereo.

lQ.f
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9. Are the software programs challenging and stimulating to léarners?”

10. Can teachers adequately monitor and supervise studeﬁts at each terminal
when responding tc programmed items?

It is not easy to match software programmed experiences with the capa-
biliti2s and capacities presented by learners who will interact with the
microcdmputerﬂ Precision and exaciness may not be in evidence when matching

3

software with the involved student. Certain1¥, the program involving drill and
. 4

practice must be fused or integrated with tire participating student.
Usihg a Word Processor

Utilizing a word processor in the mathematics curriculum is quite dif-
ferent from drill and practice within.the microcomputef framework. In many
ways, the student manages and controls word processor uéage ra her than re-
sponding passively in drill and practicé. Thus, in drill.and practice a pro-
grammer has ordered or (Sequenced items fur student response. The stimulus or
stimuli (S) comes from the programmer. The response (R) to each programmed
item comes from the student. Reinforcement when responding correctly in SPR
theory of learning is sequenced by the programmer. If a student then responds
correctly to an item, a smi]ex face may apﬁear on the screen. That same
smiley face might appear on the monitor and screen agéin and again as re-
inforcement (reward) for each correct response. The response (R) is rewarded
in operant conditioning. Hopefully the learner will reqund correctly again
and again. To avoid repetition a programmer may utilize diverse means of re-
inforcement. Thus, in addition to a smiley face, words such as "that's right",
"you're doing well", "tremendous", and other reinforcers are used as reinforce-
ment. |

A word processor operates quite differently in its philosddhica1.émphasis.
The student types in commands on the.keyboard at the terminal as is true of

programmed learning. However, ideally, the subiect matter typed in to the

11



word processor comes'from the 'student. Or, if the pupil is yaung and cannat
type the subject matter into the keyboard, the teacher may type the dictated
ideas or ditiatfon from.the learner,

Which content from students nay be typed and shown on the maonitor or - -
screen-of a word processor? An open-ended philosophy is in evidence here.

Thus, a student may develop story or word problems in mathematics in a creative
manner. 'PFob1em solving may be emphasized involving higher levels of cognition.

The problems may emphasize analyzing. For example, irrelevant content may be
inherent in the word problem and the student needs‘to separate the re]evant"

from the irrelevant in order to solve the story or word problem correctly. The
‘cognitive.1eve1 of application can be emphasized in that students need to
utilize previously acquired knowledge to solve a problem. Or, the cognitive
level of synthesis may be vital in solving the problem creatively develobeﬁ by
the student in using the word processor. To synthesiée, students could brain-
storm approaches in so1ving the problem. To synthesize means to put together ,
in a gestalt or whole to sb]ve problems. A holistic emphasis then is involved
when brainstorming is involved iﬂ problem solving.

The cognitiVex1eQe1 of evaluation may also be stressed when story or
word problems developed by students are typed into the wora processor. Each
problem then is appraised in terms of clarity; meaning, complexity, and
mechanical correctness, such as spelling, usage, and sequence of ideas.

Use of a word processor can eliminate much of the drudgery of rewriting
and retyping typical of traditional approaches in using longhand and type-
vriters. Thus,vany spelling error apﬂearing on the monitor or screen can
quickly be cor;ected using the approbriate keys on the terminal. If vital

content is left out in what appears on the screen, insertions can also be made

by typing in the correct commands.
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After 511 needed corrections appearing on the screen have been made, the

printer of the word processor can print all the hard copies of the arithmetic

" problems necded. These papers should have all errors taken out prior to'being

- printed. Students then with teacher quidance may sclve each problem, The

student who providéd mathematics problems in the hard copy, no doubt, will
want to exchange a paper developed by a different student. A quality méthe-
matics curriculum can emphasize students being involved in writing their own
story or word problems.

In utilizing a word processor, the student

1. controls the content being typed into a machine. The programmer does
not control the student in a step by step approach in learning as was true of
drill and practice programs.

2. practices writiné (typing) subject matter. Mathematics is the third
of the three r's—reading, writing, and arithmatic. Reading proficiency is a
vital skill in the mathematics curriculum,

__3. .engages in proofreading and correct. - content appearing on_the screen .
or monitor. ‘ .

4, reads subject matter that has been composed personally. The learner

also reads story or word problems developed by other learners when working to
solve these problems.

Problem Solving in Society

Solving real problems in society involving mathematics can be quite dif-
ferent from story or word problems. There are mathematics educators who believe
that school should not be sebarated from society. The mathematics teacher needs
to guidé students to identify and solve practical problems in the societal
arena. Which are selected utilitarian problematic areas for students tc de-
velop needed solutions?

1. unit pricing of several brands of cereal, flour, and soap. Students
need to ascertain which brand would be the best buy, all gther variables kept
constept.

2. keeping a checkbook balance accurately.

3. being able to check personal checks written with the monthly con-

puterized banl statement from the local bank.  The ctudent then neede to

13
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check persona1 cor ;eled checks written with the monthly statement issued by the
bank to show checkbook blance.

4, computing the total cost of items,ordéred from a supplv housc or pur-

chased from a local store. '
5. helping parents compute federal, state, and local income taxes. CE
.. learning from parents pertaining to interest cocts involved in buying
a home. car, or other item on installment payments. -—

The above, among others, represent actual situations in life in which
problem solving is involved. Which require ;he utilization of a microcomputer
may well provide content for a debate. Certainly, a microcomputer should not
be utilized in which other procedures may be quicker and more efficient in
prublem solving, such as the hand held calculator.

Problem solving as a philosophy of teaching and learning emphasizes that
students

1. identify relevant and worthwhile problems. The identified problems
are 1ife-like and real, Ideally, they come from perplexing situations in
society. School and_society are not to be segregated entities. Rather,_what

is vital in mathematics usage in the real world of society needs emphasis in
the school curriculum.

- e -

2. gather data in answer to the problem. Software and microcomputer
usage may well have in memory vital data which can provide the needed infor-
mation upon retrieval. The data must be significant and directly related to
the identified problem. ¢

3. develop one or more hypotheses in answer to the problem. Adequate
data or content needs to be in the offing to develop a viable hypothesis.

4. test the stated hypothesis or hypotheses. If the hypothesis holdSup
when it is tested, it remains as originally stated.

5. revise the hypothesis if results indicate it necessary to do so. The
hypothesis as originally stated may also need to be refuted if evidence warrants.

Problem solving philusophies deemphasize

1. precise, measurable objectives predetermined for students to achieve.
Students are left out of planning goals to achieve personally, if the goals,
measurably stated, have been decided upon prior to their introduction into the
classroom setting.

2. the use of mathematics textbooks outside the framework of assisting
students teo solve problems in the redl world of society.

3. teachers and supervisors developina the scope and sequence of the
mathematics curriculum with Yittle or no input from students.

14




&=

4., students being passive recipients of knowledge received from the
Tecture method. ‘

5. individual endeavors in mathematics, Rather, in socicty, groups and
committeés identify and solve real, not textbook nor imaginary problems. Thus,
cooperative problem solving needs to be emphasized in the mzathematics curriculum.

Remedial Work and the Microtopmutcr

The concept of remedial work emphasizes diagnosis. Inherent in diagnosis
is noticing by the mathematics teacher specific kinds of errors any single
student makes. Errors made by a learner must be consisteﬁt for any single type
of weakness. A student may make an érror only once or twice pertaining to a
specific kind‘of mistake. This would not entail remedial work emphasis to
correct. Rather, a certain type or kind of error needs to be made consistently
by a student and thus stress the concept uof remedial work.

Software.stressing remedial work in mathematics must

1. start with where the student i5 presently. —If the content in-the e
software is too difficult for the student, frustration, no doubt, will be an '
end result. If it is too easy, the concepts of drill and practice will be in
evidence. If a learner, for example, is ready to find the area of a circle
and cannot exhibit needed skills or knowledge to perform the computation,
then the program should begin with the students' present level of achievement
and progress in small sequential steps thereafter.

2. be user friendly to the learner. If a student then is asked to find
the area of a circle pictured on the screen of the microcomputer and no mid-
point is shown in that circle, the chances are that excessive time will be
spent by the involved learner in accurately determining the length of the
radius. Or if the learner needs to add an ‘extra step to advance.to the next
programmed item, the mechanical steps involved in using the microcomputer may
be frustrating indeed. For example, a student has responded correctly to a
programmed remedial item, then presses the return key and the space key in
sequence for the next sequential learning; certainly pressing the space key
should not be in the program. This makes for an additional step in the me-
chanical operation of the software which is unnecessary. PRather, the student
should focus upon sequential learnings which are vital, significant, and
relevant.

3. reflect accuracy and correctness. Thus, in having students find the
area of a circle, software content showing one or more circles should emphasize
accuracy in this geometrical concept. Ovals and ellipses Shown on the screen
are not circles. Certainly, content in software needs to emphasize the con-
cept of correctness. Otherwise, students may well develop inaccurate concepts
and generalizatinns.

1o
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4. emphasize proper order in its contents. Students cannot achieve op-
timally uniess the new learnings are definitely related to what has been ac-
quired previously. Software that has not been field tested may have ordered
steps of learning which are too far apart. Thus, the involved student cannot
attain the next sequentgﬂ1 content in programmed learning due to inappropriate
sequernce.

5. stress frequent, responses of the participating student. Touo frequently,
the student niay need to read an excessive amount of subject natter before making -
a response. With fewer responses made by the learner, feedbacks will be
rather minimal. Feedback is provided by the programmer only in terms of each
response provided by the student usiny the keyboard on the micrucomputer.
Frequent interaction of the student with content in the software is highly
recommendable. '

Roe5 listed the following criteria to be utilized in selecting software:

1f teachers who are not involved in the selection process are ex-
pected to use computers provided by their schools, they need to know how
to approach the task. The first step is most important: teachers must
obtain appropriate software (instructional programs) to use on the par-
ticular microcomputer systems available., The software is the heart of the
CAl system. Good quality software can provide quality instruction; poor
software will provide poor instruction. Therefore, teachers must become
evaluators of the programs available for use with their classes. Just
as they must examine all supplementary materials they use for quality,
they must examine software with these questions in mind:

1, 1Is the material instructionally sound? Does it present
accurate information in & logical sequence with an appropriate
amount of pupil interaction? Do its reinforcement patterns en-
courage correct responses or incorrect ones?

. 2. s the program easy for the learner to use? Are there clear
Instructions at all points in the program? Is there & way for students
to receive help when it is needed? ‘

) 3. Does use of the program accomplish something that is needed
in my classroom? (No one should buy a program just because it is
available!) '

5Betty D. Roe, "Computers in the Schools: Here to Stay", Educators

Forum, Fall, 1984, page 9.

16



18
Simulations in the Mathematics Curriculun

Simulations may well emphasize higher levels of cognition such as ap-
p1ications.0f'previous1y acquired learnings, erttica1 thinking, creative think-
ing, as well as problem sb]ving. Simulated content attempts to provide reality
based situations to learner. However, within the framework of these reality
based situations, studeets experience low risk experiences. Thus, the concept
of failure is greatly minimized iﬁ simulation programs.

. Deﬁnis and Kansky6 wrote the following pertaining evaluating combuter use:

1. Ir what ways can a computer participate in instruction?
. o

2. What educationally important things could a school do with the aid -

of computers that it could not do without them.

3. What aspects of instruction can be performed significantly better
with the aid of computers?

4. What problems can be expected from using computers in the ways
identified?

5. Is it likely that we really will do any of the things that com-
~  puters wiH make-poessible? - - - - —_ - -

Clearly, we need to think a bit about how computers might be used in in-
struction,

Instructional uses of computers can be sorted into two piles. 1In one
case, the uses involve the computer itself as the object of instruction;
the focus is upon teaching about computers. In the other pile are those
uses in which the computer is a medium (or tool) of instruction; these uses
focus upon teaching with a computer. :

A worthwhile tool of instruction using microcomputers is in the sim-
ulation.arena. In simulations, students

1. participate in role playing. Each role needs to be as realistic as
possible.

2. make decisions and choices. The involved learner intcracts much with
the microcomputer.

3. receive feedback or information pertaining to choices made.

6J. Richard Dennis and Richard J. Kansky. Instructional Computing.
Glenview, I11inois: Scott, Foresman-and Company, 1984, page 9.
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‘ 4. revise their frame of reference in the making of neW'decisions after
recesving feedback,

5. engage in higher levels of cugnition, rather than the recall level,

6. arply knowledge that has been acyuired previously.

7. analyze a situation prioraﬁo the making of a new decision.

€. bring background Knowledge when‘synthesiziﬁg'content to make choice;.

9. evaluate feedback received from choices made.

10. must comprehend content within the framework of each program.

Students must have ample opportunities to interact and respond when uti-
lizing simulated programs. The student needs to be an active responder not a
passive recipient of subject matter. 6ire§tions for each simulation need to
be clear and_understandabje. Opportunities needﬁto be in evidence for students
to Exit from the simulation program. Also, if tﬁe learner wiéhes, he/she can
start all over again. A simulation that is partially completed by learners
should be stored and retrievable for the next class session in mathematics.
The teacher's gu{de foﬁﬁthe simulation needs to have readiness learning ac-
tivities for students. The éontent in the guide needs to be meaninaful for the
mathematics teacher. |

Teachers need to actually work through diverse simulations in'mathematics
to appraise if the content is based on the needs, interests, and purposes of

students in the classroom setting. Sell Lemonade (profits and 1osses are com-

puted in this simulation) and Change (students compute change and choouse in-

volved c.ins) are examples of computerized simulations in mathematics.
Tutorial Concepts and Programmed Learning

So far the writer has discussed drill and practice, use of the word
processor, problem solving, remedial work,and simulations in'phe ma;hematics
curriculum using microcomputers. Nhgt about new programmed learnings for
students to achieve in ongoing units in the mathematics curriculum? These ob-

jectives may relate to content contained in the basal mathematics textbook(s)

18
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presently being utilized. Thus, in a step by step ascending order of comp1exi£y _

sequence, students may achieve new learnings. Students need to experience a

high degree of success in each sequential step of learning, Pilot studies

involving student use of the software have been made'to take oul weaknesses in

between any two steps'in sequence ir the program. Quality attitudes and feelings’

can be deveToped in ongoing experiences if students individually experience

success. Debugging or taking out the weaknesses of any single prograﬁ\ig

“important. | _ ’ f\\\
For each correct response made by a student to a programmed item, ap-

propriate reinforcement or reward needs to be in evidence whether it be a smiley

face, "that's tremendous", or "good work". The rewards should be varied and |

not repetitious. & | o
Tb respond to a progiammed item, the concept of user friendly isja1ways _

“important., Thus, on the keyboard pupils should not need to type in lengthy

answers in which correct spelling of compTex words is involved. Errors in typing

et - ———

.Ehe‘correct spelling ;} mafﬁematics terms Zﬁn be made even by a'gooz—sp;31er.
A microcomputer will not accept incorrect spelling of words. Certainly, if
answers such as the following need to be typed on the keyboard in response

to a question on the screen—commutative, associative, distributive, identity
elements, among others—it is very easy for students to experience fai1urg.

Rather, the answer to a question c0u1d have a multiple choice format such as

(a) commutative

(b) associative

(c) distributive

(d) identity elements.

Thus the student would only need to type in the letter a,b,¢c, or d on the

keyboard in attempting to respond correctly to a programmed jtem.

BEST COPY AVAILABLE
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| Caissy’ wrote:

Before an educator can begin to evaluate software, he or she must
consider four gencral bul important questions.

1. For what purpose will the software program be used? The answer
to this question is 1ikely to include one or more of the following ob-
jectives: to teach new information, skills, or concepts; to reinforce
(through drill and practice) or supplement materials previously taught;
to provide enrichment or remediation; to develop computer literacy; or to
entertain. ’

2. Who will be using the program, in terms of grade level, age or
ability level? 1f the software under consideration does not meet the
developmental needs of the Tearner, it is unlikely to be used. successfully.

9. What are the objectives of the program?- Are these objectives
clearly stated in the accompanying literature, and are they evident
throughout the program? Does the program meet its stated objectives?
(Many programs fall short in this respect because they lack a sound
theoretical base, fail to rely on sound principles of pedagogy and
instructional design, or are not organized logically and sequentially.
In other cases, the learning tasks presented in the program are inap-
propriate to help learners meet the stated objectives.)

4. What knowledge or skills must a student posses -in order %o use
the software program successfully?_ _ This 4s an important consideration.
For example, must a student know a particular mathematical formula,

understand a certain scientific theory, or be able to read music in
order to use a given program successfully?

Correlating Mathematics with Other Curricuium Areas

The mathematics curriculum can be effectively correlated or related to
other academic areas. Educational psychologists long have advocated that
diverse academic disciplines be taught as being integrated to increase
retention of learnings within each student. Academic disciplines taugHt as
being in iso]ation_tend to make it increasingly complex for students to recall

subject matter. Why? If one idea, fact, or concept is received by any given

7Ga11 A. Caissy, "Evaluating Educational Software: A Practitioner's guide,"
Phi Delta Kappan, December, 1984, page 250.
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- student, recall of related subject matter should be in evidence if content is

perceived as-being fused. With isolated content being the framework of a stu-

dent, it is then difficult to trigger off related ideas. Aristotle (38R-322B.C.)

wrote an essay on this phenomena going back to the days of ancient ithens.

Presently, most or all educational psychologists emphasize correlation, fusion,

and integration cof content fron diverse academic disciplines.

How can mathematics be integrated with other curriculum areas. Computef—

Assisted Instruction (CAI) can emphasize programs pertaining to the metric

system. The metric system of measurement is utilized in most nations on the
face of the earth. Thus, for example, in a social studies unit on Nation A and

Nation B, computerized programs on the metric system can be emphasized, along

with students studying the history, government, economic system, culture, and

geography of that nation,
Graphics in software using microcomputers is very significant, Thus,

- -

circle, 1line, bar, and picture graphs coqu be programmed for student inter-

action pertaining to the previously named unit involving

average rainfall received for each month of the calendar year.

1,
2. amount of each farm crop raised (rice, wheat, and barley) on the average
per year,
3. kinds of livestock raised (cattle, pigs, and sheep) for each of the
Students may then see trends in livestock production, for each

last ten years,
kind of animal raised, in making yearly comparisons.

4. types of exports from Nation A to Nation B covering the last five years.
Comparisons are then made on a yearly basis in terms of increases, for example,
of automobiles exported by Nation A to Nation B covering the preceding five years.

Students need to experience statistics at a young age level and experience

continuous progress through the school years. Thus, first grade pupils (age

six basically) can understand a picture graph based on personal experiences.

For example, a picture graph could be developed for these young learners per-
taining td‘which pupils have birthdays in each of the twelve months in a

calendar year. Thus, if three pupils have birthdays in
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January, three human figures on the screen would show the subject matter in a

picture graph. Each of the other months also would be shown pertaining to thé

number of pupils having birthdays. With proper sequence in learning, students
can ultimately become quality statisticians at their indivicual present levels

of achievement.

Computer Managed Instruction (CMI)

Mathematics teachers over the years, no doubt, have utilized computer
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services to score tests. Also, test results have been stored on diskettes or

cassettes for retrieval and future use. Much space is saveu in keeping re-

cords by having test scores of students stored on either disk or cassette form

as compared to more traditional forms of record keeping.

Printouts of test scores from students cén be utilized by mathematics
teachers to diagnose mistakes of indfvidual learners: Thus;—a teacher may
notice errors such as the following with remedial proceddres following:
divi 1. computational errors in addition, subtraction, mu1tip1ication and

ivision.

2. weaknesses in solving story or word problems.

3. structural ideas, such as students individually not understanding the

property of closure,
4, wvital concepts, such as place value, decimals, fractions, greatest

common divisor, and least common multiple.
5. measuvement of perimeter, area, and solid figures.
With Criterion Referenced Testing (CRT), mathematics teachers and parents

receive printouts of the inherent measurably stated objectives and the related
measurement procedures directly related to each precise objective. The mathe-

matics teacher of course, guides each learner to attain the behaviorally stated

objeétives sequentially utilizing relevant purposeful learning activities.

Also, the student can take the printout containing the ordered precise objectives

home and secure parental assistance. Thus, parents may definitely be involved
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in helping their offspring achieve. There may be ge]ected problems involved

in having parents of sécondafy mathematics students help the latter achieve the
precise objectives in the home settino. However, the;mathematics téacher must
provide adeguate readiness experiences in the c¢lassroam setting so that the
1earﬁer mﬁght ettain selected precise objectivés frori the CRT. Parents must
provide an appropriate study area and adéquaie supervision in order that the
offspring may achieve &s many sequential precise objectives a§ possible. Thus,
a student can be guided to achieve in school as well as in the home setting in
achieving precise objectives. New combuter printouts need to be sent home of
CRT's once a student hés achieved objectives on the previous printout mailed
home or taken home by the student to his/her‘parent§.

CMI can also be utilized td give tests to students. Thus, diverse test
items in multiple choice form are presented on the screen of the microcomputer.
Tpe igvolved learner types in the proper commands on the keyboard by typing a,
b,c, or d as alternative responses. At the end of the program for-%esting,
the number of correct résponses are listed on the screen as percents. ‘Any
test item missed provides opportunities for remedial work so that mastery
learning may be in evidence. A program may even prescribe new sequences based
on specific items missed by the learner.

CMI assists mathematics teachers in many ways. These include

1. taking the drudgery out of checking papers of students in test taking
situations.

2. keeping results of test scores of students from previous testing
situations.

3. using CAl tn assist in selecting objectives for a student based on
jtems missed in a testing situation.

4. providing test results to teachers based on item analysis. The
mathematics teacher may then provide remedial assistance to 1nd1v1dua1 students
based on incorrect responses of the latter.

5. producing hard copies of actual tests to be utilized. The printer
attached to the microcomputer can be effectively and efficiently utilized for
the development of tests to measure pupil achievement in attaining objectives
in the matheniatics curriculur.
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Computer Literacy

Much has been written in professional educational journals and textbooks,
as well as other pr1nted materials ptrta1n1ng to developing computer literacy
within students. The writer suggests the following goals for,student and
teacher assistance in achieving computer literacy:

1. adequate self concepts need to be in evidence to confidently utilize -
microcomputers.

2. users need to be in control of the microcomputer being utilized and
not be passive recipients of knowledge only. .

3. teachers and students must realize that microcomputers execute commands
given on the keyboard. If incorrect commands are given by the user, wrong
results will accrue. Thus, microcomputers do what they are told to do.

4. there are things a microcomputer can/cannot do. Certainly, teachers
and students need to know the capabilites and limitations of microcomputers.

5. adequate emphasis needs to be pTaced upon eva1uat1ng the quality of
software utilized. P

- - 6. -wmicrocomputers-may be utilized for-a variety of purposes and phi-
losophies. Among others, these include problems solving, drill and practice,
tutorial, remedial, as well as to analyze, organize, and manage content and
information,

7. inferential skills need developing pertaining to diverse kinds of
graphs and graphic materials.

8. users need to mangr the use of the keyboard to type in commands
accurately and efficiently.

To translate the above named into goals for learners to realize, relevant
ends need choosing reflecting the utilization of microcomputers. For example,
the following concepts might well provide direction for selecting objectives,
Tearning activities, and evaluation procedures in using word processors.

1. control card--a magnetic card containing instructions for the central
processing unit.

2. electronic typewriter--electronic in nature and not mechanical in
operation. The number of moving parts is few and operates in a silent manner.

3. automatic carrier return--the operator does not need to return the
carriage at the end of a 1ine of type. Automatically, the carrier is returned
by the machine. Automatic centering is completed with a keystroke command to
the Central Processing Unit (CPU).
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4, central dictation system--direct wiring of a system to a central
location whereby dictation from other. is received.

5. input--content which goes into a computer.

6. K (kilo)--represented by 1000 characters, approximately.” Thus, 30V
equals 30,000 characters.

7. kevboarding--the actuzl operation of a typewr.ter.

8. log sheet--a document which is used by supervisors to record cost
efficiency as to incoming/outgoing work of computer service.

9. magnetic diskette--diskette which has a magnetic coat on which 130
pages, approximately, of typed content may be recorded. :

10. magnetic tape--tape which has magnetic coat and is used for recording
. of information.

11. memory--within the Central Processing unit, an internal device in
which subject matter can be stored and retrieved upon demand.

, 12. printer--a facet of the output device which prints content on paper.

13, record--storing typed content on a magnetic msd*um for use in the futurel

14. search--a command to the word processor which causes the location of a
specific section. a

15. shared logic--two or more terminals can utilize the memory of the same
Ceniral Processing Unit (CPU).

.16. oftvare--inc1udes manuals, Ero rams, and flowcharts to assist in
making op%1ma use of the computer. Software then are materials used to

operate and control the hardware (computers).
INSERVICE EDUCATION AND THE COMPUTER

| With an increasing number of computers in the curriculum, staff development
becomes important. Societal trends emphasize a continual emphasis being placed
upon the utilization of computers in the business world, as well as in personal.
lives of individuals. The school curriculum must not be separated from society.
Thus, the computer has a highly significant role to play in teaching-learning

situations.
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Workshops as Inservice Education

~

A theme for a workshop should be se1ected"cquerative1y by teachers with
administrative guidance. The theme must reflect curricular needs of a school.
One relevant need in the curriculum might well be computer-uti1ization in teach-
ing and 1earn{ﬁg. ‘

A first level of participation in a workshop should involve all participahts

in a general session. 1he leader and involved individuals should then identify

BEST COPY AVAILABLE

problem areas or facets of computer use that should be studied. Criteria to be
followed in the general session include: . ‘}
Al shou1d participate and no one dominate.

Each participant should stay on the topic being discussed and not
stray to unrelated areas.

DN -2

3. Participants should respect ideas being presented. Minihizihg or rid-
iculing ideas presented definitely hinders achievement in communication.
4. -ldeas need to be presented clearly and meaningfully among general -

session members.
5. Coruent expressed by individuals needs to circulate among members in a
grc Jp, rather than between the leader and a respondert in sequence. -

Which yroblem areas involving computer use might be identiTied as rejevant
to pursue? The following are provided as suggestion:

1. Which criteria need to be followed in selecting computers which har-
monize with objectives of the school and class?

2. Which standards need utilization in choosing computer software?

3. How might computers be utilized in problem solving activities in the
curriculum? ’

4. How might programmed learning be utilized to provide for individual

differences?
5. Which guidelines need following to assist Tearners-to attain optimally

in using computerized drill experiences. .
6. How miqgt sigulations and gameg involving computer usage assist

students to develop decision-making skills?

After an adequate number of vital problems have been selected within the
general session framework, participants may choose which committee(s) to work
in. Etach participant should select committee membership based on the following
criteria:

1. Meeting personal needs to improve the curriculum in the class setting.

2. Promoting erc$ived pgrggigigé.the participant in solving vital pro-

blems in"the classroo
3. Stimulating interest in wanting to use computers tu provide for in-

dividual differences.
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4. Developing an attitude of wishing to utilize computers effectively in
ongoing lessons and ur."*s of study. ‘

An adequate number of reference sources need to be available to assist
‘orkshop participan’s to secure needed information in the solving of problems.
These reference sources may include textbooks, periodical articles, pamphlets,

films, slides, filmstrips, transparences, and illustrations. Proficient con-

. sultant and reﬁource personnel also need to be available to participants in the

solving of problematic situations.

In addition to general sescions and committee endeavors, individual parti-
'tipants also need opportunities to work on projects cf their. very own choosing.
Thus, personal needs may be met in using computers in the classroom. A teacher,.
f&r examﬁ]e, may wish to deve]op his/her own programs for programmec instruction}
Quality assistance neéds to be avéi1ab1e from an expert to guide teachers to
develop their own programs of.computerized instruction.

Achievements in committee work and individual projects may be shared with
memberé of the total workshop within the framework of the genéraI session.

Whatever is acheived may, hopefully, be implemented in teaching-learning

situations in the school/class setting.
In Closing

Software and microcompuier usage is becoming ingreasingly common in the
schoo1-c1as§ sétting. Administrators, supervisors and teachers-need to study
philosophical implications involved in utilizing mndern technology. What exists
in society might.weli betome salient to incorporate into the school curriculum.

. ]
However, changes should not be made for the sake of innovation. There must

-
14

be relevant purposes involved when incorporating micrdcomﬁuter usage in the
curriculum. Hopefully, students with teacher guidance may achieve at a higher

level due to use of modern technglogy 1in the school and class setting
-t
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Sargent8 wrote:

it

'Computér-Assisted Instruction, CAl, is a good way to introduce stu-
dents to the use of software that can perform prescribed tasks. Many

teachers today find themsel
propriate software. Other

ves faced with computer hardware but no ap-
teachers are faced with hardware and software

that are too complicated to be really useful to most of their students.
The authors of current software seem to know more about what the computer
can do than about what needs to be done in the classroon.

If teachers can agree

that CAl is valuable in the classroom, then

teachers should encourage other teachers to develop software and to share

it with their colleagues.

We should publish in the public domain short,

BASIC, classroom-tested, computer programs that are well integrated intb

current popular curricula.

Short programs are easy to enter into the

computer and to debug. They are easy for a classroom teacher with limited

computer experience to tail

or to particular classroom needs. Moreover,

they are user friendly. Ifsomethinggoes wrong, it is easy to re-ryn the

program from the beginning.

Lastly, if a program is performing one simple

function, it is easy for the computer operator—the student—to understand

what the computer is doing.

8Bob Sargent, "Teachers Should Share Their Homemade Software, The Clearing

House, October, 1984, page 57.
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